Nigella sativa (NS) is an effective medicinal plant possessing noteworthy antioxidant property. In NS, there are more than hundred phyto-chemicals reported, out of which thymoquinone is the utmost active phyto-constituent having sturdy antioxidative property. Thymoquinone is a cyclicdione, when reacts with sodium azide, converts into α-azido ketones i.e its analogs which Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: are handy with extensive range of reactions. Sodium azide induces stress in plants thereby, modulating the antioxidant system. The present investigation was planned to elucidate the effect of sodium azide at different concentrations (5µM, 10µM, 20µM, 50µM, 100µM and 200µM) on its secondary metabolites (mainly thymoquinone) in NS callus culture extract (NSE). The results showed sodium azide effect on thymoquinone content and a concentration dependent boost in antioxidant property. It was also observed that thymoquinone content and percent yield (analyzed by RP-HPLC; Reverse Phase-High Performance Liquid Chromatography) were minimum (0.033±0.006% and 0.420±0.045%, respectively) at 200 µM sodium azide used. Whereas, antioxidant activity (analyzed by DPPH; 2, 2-diphenyl-1-picrylhydrazyl) was found to be maximum (3.873±0.402%) at same dose. Further, analysis was done for inhibition of oxidative DNA damage at different concentrations of sodium azide on NSE, maximum inhibition of DNA damage (0.243±0.017%) was found at 200 µM concentration of sodium azide. When correlated, strong positive correlation was observed between percent yield and percent thymoquinone, antioxidant property and inhibition of DNA damage. Whereas, strong negative correlation was observed between percent yield and antioxidant property, percent thymoquinone and antioxidant property, percent thymoquinone and inhibition of DNA damage. The findings evidently point out that the content of thymoquinone, antioxidant property and inhibition of DNA damage was affected by sodium azide.
Introduction
Nigella sativa (NS) belonging to the family Ranunculaceae, generally known as black cumin or black seed and usually grown in south Asian regions mainly India, Pakistan and Srilanka [1] .
Various studies on medicinal properties of NS showed its promising effects such as anti-cancer, anti-inflammatory, anti-parasitic, anti-analgesic, anti-microbial, anti-stress, antioxidant and antiasthmatic [2] [3] [4] . A recent study showed its protective effect against diazinon cardio toxicity in rat model [5] . These activities are mainly due to the presence of active phytochemicals present in it [6] . Phytochemicals are the secondary metabolites and have been used for wide applications as an herbal medicine, dietary regimens, fragrance industry, flavoring industry, and for preservation purposes [7] [8] [9] . Secondary metabolites possess vast applications, mainly due to their antioxidative potential and various other biological abilities. NS seed oil composed of various secondary metabolites viz. p-cymene monoterpenes, β-pinene, α-thujene, γ-terpinene, α-pinene, nigellone, caracole, thymoquinone and thymol [10] . Thymoquinone is one of the most abundant and firstly isolated phytochemical of NS [11] . Thereby, numerous studies based on pharmacological importance of thymoquinone have been reported [12, 13] . Various studies reported that of NS anticarcinogenic activity was due to its main secondary metabolite, thymoquinone. An investigation exposed the cytotoxic effect of thymoquinone on keratinocyte cells [14] . Moreover, an anti-tumor and antiproliferative activity, thymoquinone was also reported in prevention of tumors progressions via angiogenesis and metastasis [15] . Studies reported that thymoquinone can destroy cancerous cells by the specific targeted mechanisms, which is unlike to traditional treatments like radio or chemo therapy [16, 17] . Several in vivo and in vitro studies on thymoquinone antitumor activity has revealed significant apoptotic effects [18] , however thymoquinone's deprived effectiveness [19] and meagre bio-availability [20] is the crucial disadvantage as a substantial curative secondary metabolite. Another foremost difficulty, that confines usage of thymoquinone as a therapeutic biomolecule, is its slighter water solubility and cytotoxic effects at higher dosage.
Furthermore, studies reported that thymoquinone on reaction with sodium azide converted into its structural analogs [21, 22] . The produced analogs may possess antioxidant activity and can be a good source of antioxidants [23] . Therefore, in order to elicit secondary metabolites, in vitro technique like plant tissue culture is used to obtain it in amplified quantities and in a judicious time.
Several plant tissue culture methods have been comprehensively investigated in order to increase the fabrication of plant secondary metabolites [24] . In order to increase the production of desired secondary metabolites in plant tissue culture, elicitation technique is commonly used by numerous biotic or abiotic factors. Elicitors in callus cultures are generally known as signaling molecules because they interact with signal transduction cascade, resulting in expression of related gene with the synthesis of secondary metabolites [25] . With consideration to these earlier reports on thymoquinone, for its therapeutic applications, the present investigation was performed to produce structural analogs of thymoquinone using micropropagation technique by treating NS callus culture with sodium azide that might produce more potent antioxidants. Although, it may also create stress conditions and stimulate other antioxidants for hyper production. Interestingly, in both the situations, antioxidant ability of the plant might enhance and can be advantageous for pharmaceutical and nutraceutical formulations.
Result and Discussion
The seeds of NS were germinated on Murashige and Skoog (MS) medium for the callus proliferation, supplemented with 2,4-D (2,4-Dichlorophenoxyacetic acid) and thereafter, calli obtained were transferred on MS medium with sodium azide as an elicitor (Figure 1 ). Sodium azide encourages stress condition in callus of NS and results into excess or deprived production of secondary metabolites. In addition to this, sodium azide induces biochemical alterations that enhanced the antioxidant activity. Thymoquinone was extensively studied secondary metabolite of NS and when it interact with sodium azide converted into its analogs [21, 26] , might be of therapeutic importance. Furthermore, sodium azide may cause stress condition and enhances the production of secondary metabolites in NS callus culture extract (NSE). The present study showed the effect of sodium azide on different parameters with respect to its antioxidant activity on NSE. Initially, sodium azide effect on percent yield of extracts was observed, maximum extract yield (0.860 ± 0.065%) was obtained at 0µM (control), while, minimum extract yield (0.453 ± 0.037%) was found at 100µM sodium azide treatment in NSE.
When further increased concentration of sodium azide was used i.e at 200µM, no significant effect was observed (Figure 2 A) . The results were in agreement with the previous report of Yafizham and Bagus [27] , where sodium azide at 0-1.60 mM concentrations were used on Capsicum annum L. seeds, affecting the various morphological and physiological parameters and resulted in decreased biomass availability. It was also reported in a study on NS, where increasing concentrations of sodium azide treatment affected the extract yield, whereas, higher concentration of sodium azide does not affected the extract yield [23] . It was observed from the findings that sodium azide virtuously affect the percent yield of extract. Interestingly, it was also reported that percent yield of the extract is related to the chemical constituent of the plant [28, 29] . These findings indicate that sodium azide interacts with phytochemicals of the plant, and thereby altering the bioavailability of secondary metabolites and therefore, affecting the yield of extract. Thus, it can be concluded that percent yield is an imperative feature for phytochemical extracts with respect to its primary and secondary metabolites composition.
Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 January 2020 doi:10.20944/preprints202001.0217.v1 With consideration to NS phytochemical analysis the percent thymoquinone composition was evaluated using RP-HPLC (Reverse Phase-High Performance Liquid Chromatography). The spectrum scanning of standard thymoquinone was also done in order to determine the absorbance of thymoquinine using UV-VIS spectrophotometer. It was found that maximum absorbance was detected to be 254nm. The results are in agreement with our previous findings of Iqbal et al [23] .
The present results are also in virtuous agreement with the previous finding of Belete and Dagne, [30] , where thymoquinone was analyzed using UV-Visible, HPTLC and NMR techniques with maximum absorbance at 254nm. Further, RP-HPLC analysis of thymoquinone showed maximum percent of thymoquinone (0.108±0.0007%), in the NSE treated with 0µM concentration of sodium azide while, minimum percent of thymoquinone (0.035±0.003%) was observed at 100µM sodium azide treated NSE. It was noteworthy that higher concentration of sodium azide at 200µM, no effect was observed (Figure 2 B ). When correlation was made, a strong positive correlation (0.9953) was observed between percent thymoquinone composition and percent yield of NSE (Figure 3 A) .
Furthermore, consideration to correlation analysis, it can be assumed that sodium azide possess a robust effect on secondary metabolites (mainly thymoquinone) as well as other metabolites on callus culture of NS The dwindling content of thymoquinone with consideration to percent yield of the NSE indicates modifications in its structure. It's a strong possibility of formation of analogs of thymoquinone when reacted with sodium azide treated NS callus culture extract. It was reported by Moore and Shelden [21] and again by Faiz et al, [26] that sodium azide interacts with thymoquinone to form 3-amino-G-azido-2-methyl-5-isopropyl-1,4-benzoquinone. Thus, the alterations in conformational structure of thymoquinone, an outcome in formation of its analogues compounds. Fieser and Hartwell [31] reported that 2-azido-l,4-napthoquinone when treated with azide ion and 2-chloroquinone forms azidoquinone. In the given reaction the halogen ions are replaced by azide ions in a nucleophilic displacement reaction thereby yielding azidoquinones with an elevation of more than 85% with purity. With respect to these findings, the present study was hypothesized, although this cannot be entirely pondered as a yardstick for the production of thymoquinone analogs, as many additional aspects plays a substantial role in the production of secondary metabolites using plant tissue culture technique.
With The findings indicate that sodium azide interacts with phytochemicals of NS, thereby, enhancing the antioxidant activity, as well as depriving thymoquinone content and percent yield. It could be the possibility that sodium azide has interacted with thymoquinone and converted into its analogs, which are more potent antioxidants. A previous report suggested that sodium azide treatment affects antioxidants levels in NS, either by eliciting the level of secondary metabolites or by inducing conformational changes in its active phyto-constituents (mainly thymoquinone), thus elevating the antioxidant activity [23] . The antioxidant activity of thymoquinone is well known, however its structural analogs are yet to be explored, for more potent antioxidants.
The NSE after treated with sodium azide affected the percent phytochemical constituents and degradation. The oxidative mixture degrades the DNA by producing free radicals and as a counterpart, probably, the NSE were scavenging these free radicals, and thus inhibiting the DNA damage. The results clearly showed the inhibition of oxidative damage in a concentration dependent manner. As the concentration of percent yield and percent thymoquinone is decreasing, inhibition of DNA damage is increasing (Figure 4 ). It clearly indicates that thymoquinone plays a significant role in DNA damage. The findings are in accordance with the earlier report of Gurung et al [32] where DNA damage was reported in human glioblastoma cells by thymoquinone in a dose dependent manner. However, it was also reported that thymoquinone protects DNA damage at low concentrations of 1-10 µg/ml [33] . Interestingly, present study showed that higher concentration of thymoquinone couldn't help in inhibition of DNA degradation, as the free radicals produced by reaction mixture were not completely scavenged by thymoquinone. While, on the other hand NSE after treatment with increased doses of sodium azide showed significant antioxidative effect in DNA damage. The findings are similar to the report of Parray et al [34] where methanolic extract of Crocus sativus showed significant effect on protection of DNA damage. The present study is the initial report representing the in vitro inhibition of DNA damage ability of NS and showing significant effects. These effects may be due to the formation of analogs of thymoquinone, which are more potent antioxidants or due to the elicitation of other secondary metabolites after sodium azide stress condition. Therefore, further more researches are needed to fully elucidate the aforesaid findings. L9 showing calf thymus DNA with 1mM thymoquinone.
Materials and methods

Explant preparation
The seeds of NS were provided by National Research Centre on Seed Spices (NRCSS), Rajasthan,
India for this study. The callus formation and further their extract preparation were done according to the protocol of Iqbal et al [35] . Primarily, soap solution was used to wash the NS seeds for two min and then kept under running tap water for 1 h. To avoid contamination, under laminar air flow seeds were then rinsed with 0.1% mercuric chloride for 30 sec and then again washed with sterile water for five times. Afterwards, seeds were then rinsed using ethanol (70% ) for 30 sec and again washed with sterile water for five times. The sterile seeds were then transferred onto agar-solidified MS media and then the culture bottles were kept in dark for about six days until germination [36] . 
Extract preparation
The 0-200µM sodium azide treated NS calli were used to prepare methanolic extracts (2.5 g each NS calli in 10 ml methanol) according to the previous study [37] . The obtained methanolic extracts were analyzed with the help of RP-HPLC. The filtered and dried 1mg of each NSE were dissolved in 1ml methanol to prepare 1mg/ml for stock solution which was then filtered using 0.22 μm syringe filter for further studies.
Spectrum scanning analysis
Spectrum scanning analysis was done (Shimadzu UV-1800) for absorbance of thymoquinone in the designed experiments as described using the procedure of Iqbal et al [37] .
RP-HPLC analysis
Ultra Fast Liquid Chromatography (UFLC-Shimadzu), was performed for the RP-HPLC investigation [37, 38] . 
DPPH assay for evaluation of antioxidant activity
For free radical scavenging activity, DPPH method was used to estimate antioxidant activity using the previous protocol of Jafri et al [39] . 
Statistical Analysis
Results are expressed as mean ± standard deviation followed by One-way ANOVA using GraphPad Prism software. For statistical data, p-value less than 0.05 were considered as statistically significant. Correlation was assessed between percent antioxidant activity and percent yield, percent antioxidant activity and percent thymoquinone content, percent thymoquinone content and percent yield, percent DNA damage inhibition and percent thymoquinone content using Microsoft excel.
Conclusion
The present study demonstrated that due to the treatment of sodium azide in NS callus culture, the extract yield and thymoquinone content decreased, whereas the antioxidant activity increased. The inhibition in DNA damage also seen in a concentration dependent manner may be due to increment in oxidative stress. Correlation analysis also supported the findings where strong positive correlation (0.9953) was observed between thymoquinone percent composition and percent yield of NSE. However, strong negative correlation was observed between percent yield and antioxidant activity (-0.9635); and thymoquinone percent composition and antioxidant activity (-0.9578).
Interestingly, a strong positive correlation was observed between inhibition of DNA damage and antioxidant activity (0.9881), while, thymoquinone percent composition and inhibition of DNA damage was negatively correlated (-0.9812). All these observations clearly suggest the effect of sodium azide on NSE, thereby affecting its antioxidant activity, which might be due to the formation of thymoquinone analogs with more potent antioxidant activity or due to the elicitation of other secondary metabolites. Our group is working further on the aforementioned investigation.
However, further more studies are recommended to fully elucidate the effect of sodium azide on NSE that would be useful for pharmaceutical and nutraceutical industry.
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